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Abstract. At a redshift of 0.18, Abell 1689 is so far the most distant cluster of galaxies for which substantial 
mid-infrared (MIR) data have been published. Its mapping with the ISOCAM camera onboard the ISO satellite 
allowed the detection of 30 cluster member s at 6.75 /rm (LW2 h lter) and 16 cluster members at 15 /rm (LW3 filter) 
within a clustercentric radius of 0.5 Mpc (Fadda et ah, 2000a, Paper I). We present here the follow-up optical 
photometric and spectroscopic observations which were used to study the individual properties of the galaxies 
members of A168 9. We conhrm the high fraction of blue galaxies initially reported in this rich cluster by Butcher 
^ Oemler (1984 ), that was challenged by some subsequent studies. We discuss the spectral and morphological 
properties of all cluster members in our spectroscopic sample, and of the MIR-detected galaxies in particular. 
Sources with a low [15 /rm] / [6.75 pm] flux ratio typically consist of luminous passive early-type galaxies while 
those with a high MIR color index are mainly luminous, blue, emission-line, morphologically disturbed spirals, 
i.e. the star-forming galaxies usually associated with the ’Butcher-Oemler’ effect. On the other hand, at least 
30% of the 15 pm sources have optical counterparts showing no evidence of current star-formation activity, 
while their 15 pm emission is most likely due to obscured star formation. We argue that the LW3 luminosity 
measured in the cluster members is a reliable tracer of the total infrared luminosity which in A1689 galaxies 
peaks at Lir = 6.2x10'^° Lq. We derive from Lm a star-formation rate free of dust extinction, SFR(IR), which 
we compare with that determined in the optical from the flux of the [Oil] emission line, SFR(opt). The highest 
total star formation rates (11 Mq yr“^) and dust extinction are measured in those galaxies exhibiting in their 
optical spectrum a signature of a dusty starburst. In contrast, none of the galaxies with post-starburst optical 
spectra has been detected by ISOGAM down to a 15 pm flux limit corresponding to 1.4 Mq yr“^. We find a 
median SFR(IR) of the LW3-detected galaxies of 2 M© yr“^, that is ten times higher than the median SFR(opt) 
of the [Oil]- detected galaxies. The ratio SFR(IR)/SFR(opt) is in fact very high, ranging between 10 and 100 for 
LW3-detected galaxies with [Oil] emission. We conclude that a major part, at least 90%, of the star formation 
activity taking place in Abell 1689 is hidden. Whether the high extinction measured in the star-forming cluster 
members results from the cluster environment itself or reflects a comparable extinction in the coeval field is still 
unclear. 
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1. Introduction 


The history of star formation (SF) as a function of red- 
shift has recently received extensive attention since the 
reference work by Madau et al. (19^ ). Combining opti¬ 
cal observations on held galaxies in the nearby {z = 0), 


Send offprint requests to: paduc@cea.fr 

* Based on observations collected at the European Southern 
Observatory, La Silla, Ghile (ESO No 61.A-0619) 


intermediate redshift {z < 1) and distant (1 < z < 4) 
universe, they highlighted the strong rise of the star for¬ 
mation comoving density up to z = 1 and its possible 
decline at higher redshift. Further multiwavelength stud¬ 
ies have added points on the curve and addressed various 
biases and uncertainties in the slopes of the SF rise and 
decline. In contrast, the global star formation history in 
clusters is practically unknown (See though Kodama & 
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Bower, 2001). A number of impediments make its study 


particularly difficult. First of all, data for distant clus- clusters (e.g. [Couch & Sharpies, 1987; 

Fabricant et al. 

ters (z 
cluster 

> 1) are still missing. Furthermore, variations in 1991 

; Barger et al., 199^; 

Fisher et al., 1998; 

Dressier 

properties, such as the X-ray luminosity, the level et al., 19991) have disclosed a 

significant population of k-l-a 


of sub-clustering and, generally, the dynamical status of 
the cluster, introduce a large dispersion in any trend. A 
“global” history - even just limited to rich clusters - can 
only be obtained using large samples. Also, the star for¬ 


mation history of clusters is largely related to the star 


formation history in the coeval field via the infall rate 
of field galaxies which is itself redshift-dependent as well. 


galaxies whose spectrum is characterized by the absence 
of emission lines and the presence of strong Balmer lines 
in absorption. Classically, such objects are considered as 
post-starburst or post-starforming galaxies (e.g. Couch & 
Sharpies, 1987;|Poggianti et ah, 1999|). Could they however 


be extreme e(a) galaxies in which star formation is totally 
obscured at optical wavelengths, as suggested by Small 


Any u ncertainty in the latter has a strong impact on the 
former. Finally, problems with dust obscuration are crit¬ 
ical when computing the field star formation rate (SFR) 
density, and they could be at least as annoying in clusters. 

The long-term effect of the cluster environment is un- 


et al. (1999|) from radio-continuum observations? In ad¬ 


dition, the post-starburst interpretation of the strongest 
k-ba’s requires that a starburst episode occurred in these 
galaxies, possibly when they fell in the cluster. Optical 
surveys have yet failed to pinpoint the putative starburst- 


doubtedly to quench star-formation in its member galax- et al., 2001), and “e(a)” galaxies have been suggested to be 

ies (e.g. 

Abraham et al., 1996; 

Poggianti et al., 1999; the most likely progenitors of the post-starburst galaxies 

Balogh et al., 1999 

). Indeed, nearby rich clusters contain ( 

Poggianti et al., 1999). 


more passive, non-starforming galaxies than more distant 
ones. This is one aspect of the so-called Butcher-Oemler 
effect which is the observed increase in the number of blue, 
presumably star-forming galaxies in clusters, as a function 


Undoubtedly deep mid-infrared surveys can address 
some of the previous questions. Fluxes at 10-15 /xm, along 
with radio centimetric fluxes, provide the best estimates 


of redghitt (Butcher & Uemler, 1984 j hereafter BU84). 
Furthermore, at intermediate redshitts the star formation 
rate per cluster galaxy appears to be lower than in simi- 


of the dust obscured star formation rates (e.g. Elbaz 


et al., 2001) when far-infrared data are not available. The 


lar types of galaxies in the surrounding field (e.g. Dressier 
et al.. 


latest generation of infrared cameras, such as ISOCAM 
( Cesarsky et al., 1996 ) on board of ISO, have provided 
for the first time images in the mid-infrared regime with 


999i Balogh et al., 2000 ). Unfortunately, estimates a field of view, spatial resolution and sensitivity (Genzel 


ten [Oil], obtained with aperture limited slits. Some Mil 
regions might have been missed and hence the SFR un¬ 
derestimated. Data from narrow-band Ha images have 
recen tly become available fo r a few z = 0.2 — 0.3 clus¬ 
ters ( Balogh &: Morris, 2000| ). This kind of data has the 
advantage of covering the whole galaxy, but it is less sen¬ 
sitive to low levels of star formation activity. Moreover, 
the SFR derived in the optical might suffer from strong 
dust extinction. A constant dust absorption of 1 mag at 
Ha, typical of local spirals ( Kennicutt, 1992 ), is usually 
assumed to correct the optically-derived SFR. However, 
dust obscuration varies dramatically from one galaxy to 
another, and it is likely to depend also on the environmen¬ 
tal conditions, as will be discussed in this paper. Direct 
optical signatures of dust enshrouded starbursts have al¬ 
ready been found in some cluster galaxies that have a 
spectrum classified as, according to the authors, ’e(a)’ 
( Dressier et al., 1999| ), ’a-bem’ ( Balogh fc Morris, 2000D 
or ’S-l-A’ (in the field, Flores et al., 19991 ). All these spec- 
tra show a moderate [OH]a 3727 line in emission and strong 
early Balmer absorption lines. Such features are well re¬ 
produced by spectrophotometric models with a selective 
dust e xtinction which affects differently young and older 
stars ( Poggianti et al., 2001 ). Though this spectral com¬ 
bination is able to reveal the occurrence of some level of 
hidden star formation, the models have shown that it is 
impossible to quantify the total SFR on the basis of opti¬ 
cal observations alone. 


of the R rely on measurements ot optical line fluxes, ot- fc Cesarsky, 2000D particularly well suited to the study of 


distant clusters. 

We made use of the unique capabilities of ISOCAM 
to map at 6.75 /xm (LW2 filter,bandwidth:5.0-8.SA) and 
15 /xm (LW3 filter,bandwidth:11.6-18.0A) a sample of ten 
clusters in the redshift range 0.2-0.9 ( |Fadda et al., 2006a ). 
The mid-infrared data of the most nearby cluster of our 


sample, Abell 1689, were presented in Fadda et al. (2000b 


hereafter Paper I). Towards this rich cluster, situated at 
a redshift of 0.18 we detected 45 infrared sources (41 
LW2 sources and 25 LW3 sources). Among them, 6 (13%) 
sources were identified as stars and 8 (18%) turn out to 
be foreground or background objects. A1689 was found to 
contain a population of galaxies with high 15 /xm fluxes 
and high MIR to optical flux ratios, while such popula¬ 
tion is absent towards the central region of the Virgo and 
Coma clusters. This was interpreted as revealing an ’in¬ 
frared Butcher-Oemler effect’. Moreover, the comparison 
of optical and MIR counts in the field and towards A1689 
seemed to suggest a possible excess in the number of MIR 
emitters in the cluster as compared to the number ex- 


^ We have taken Ho = 75 km Mpc~^ and qo=0.5. 
Adopting this cosmology, the distance of Abell 1689 is 767 
Mpe, which is the value used throughout the paper. With a 
more typical cosmology, such as Qm ~ 0.3, Ca = 0.7, and 
Ho = 70 km s“^ Mpc“^, the distance would become 877 Mpc. 
At the adopted distance of Abell 1689, 1 aremin corresponds 
to 159 kpc. 
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pected given the different spiral fraction in the two en¬ 
vironments and the fact that most of the LW3 emitters 
are spiral galaxies. Such an excess would indicate that SF 
is triggered in some galaxies by the cluster environment. 
The 15 /im luminosities and MIR-to-optical flux ratios, 
instead, were not found to be significantly different in the 
cluster and in the coeval field. 

In the present paper, we focus on the properties of 
the galaxies members of A1689 that were detected with 
ISOCAM, comparing the optical and the IR view of the 
Butcher-Oemler effect. A major goal of this work is to 
establish the amount of SF hidden by dust in the galaxies 
of A1689, and whether a population of starburst galaxies 
is present in the cluster but would be unrecognized on the 
basis of the optical data. 

Our study relies on an extensive spectroscopic survey 
of the cluster that has been carried out with the ESO New 
Technology Telescope (NTT) and on a collection of new 
and previous photometric data. The literature on Abell 
1689 is indeed very rich. The cluster was included in the 
original paper highlighting what was later known as the 
Butcher-Oemler effect (B084). Several authors have ob¬ 
tained additional photometric data and discussed whether 
the rather large blue fraction found in A1689 by B084 


was real or not (e.g. Gudehus & Hegyi, 1991; Pickles & 
van det Kruit, 1991; Molinari et al., 1996; Margoniner & 


de Car valho, 20001 ). The leasing properties of the cluster, 
studied through deep optical images, were us e d to deter- 


mine its mass profile ( Tyson fc Fischer, 1995 ; Dye et al. 
200l|)7]The latter was also esti mated from X-ray maps 
( Miralda-Escude fc Babul, 1995). Evidence for d ynamical 
substructures was found by Teague et al. (1990 ) based on 
a set of spectroscopic data. 

The paper is organized as follows: in Section 2 we 
present our spectroscopic and photometric observations 
and compare them with data from the literature. In 
Section 3, we describe the properties of the optically- 
selected (Sec. 3.2) and MlR-selected cluster members 
(Sec. 3.3). Finally, in Section 4, we discuss the star for¬ 
mation activity and the dust extinction of the galaxies 
in the cluster and provide some clues on environmental 
effects that affected their evolution. 


2. Observations and data-reduction 

2.1. MIR data 

The observations and data reduction of the ISOCAM mid- 
infrared data have been described in detail in Paper 1. We 
recall here the basic characteristics of the survey. The total 
field of view was 6’ x 6’ (corresponding to 0.95 x 0.95 
Mpe) with a pixel size of 6”. The spatial resolution and 
astrometry were good enough to allow an unambiguous 
optical identification of all the mid-infrared sources but 
the ones near the very crowded cluster center. The 90% 
completeness limits were 0.2 and 0.4 mJy at 6.75 fim and 
15 fim, respectively. The sensitivity limits of the LW2 and 
LW3 surveys were 0.15 mJy and 0.3 mJy, respectively. 


2.2. Imaging data 


B^, V and R images of the cluster have been obtained dur¬ 
ing the spectroscopic run which was carried out in May 
1998 at the New-Technology Telescope at La Silla obser¬ 
vatory. The seeing was poor (about 1.5”). Landolt fields of 
photometric standard stars (Landolt 1992) were observed 
for flux calibration. Due to the atmospheric conditions, 
the accuracy of the absolute photometric zeropoints is no 
better than 0.05 mag. The astrometry of each frame was 
computed using several tens of reference stars from the 
USNO Al.O catalog ( [Monet, 1996| ) queried via the ESO 
SKYCAT browser. The images were corrected for distor¬ 
tions during this process. Sources were extracted from the 


reduc ed BVR images using SExtractor ( Bertin fc Arnouts 
[1996). The photometric catalog is complete to B=23 mag. 


V=22.7 mag and R=22.7 mag. The corrected isophotal 
(’mag_best’) BVR magnitudes from SExtractor are listed 
in Tables |^. 

Our photometric database also includes the Gunn g, r 
and i magnitudes measured by Molinari et al. (1996|) with 


the ESO 3.6m telescope and independently by Margoniner 
jfc de Carvalho (200C| ) with the CTI O 0.9m telescope, the 


B and I magnitudes measured by Dye et al. (2001) at 
the Calar-Alto 3.5m telescope and the near-infrared K’- 
band magnitudes measured by de Propris et al. (1999D at 
the CTIO 1.5m. All these different catalogs were cross- 
identified. Unfortunately because these data have various 
origins and were extracted with different methods, they 
cannot be easily compared. In particular they turn out to 
be of little use to derive a reliable spectral energy distri¬ 
bution. In the following, we will thus mostly rely on our 
own BVR photometric data. 

Finally, archive HST/WCPC2 images (PI:Tyson) cov¬ 
ering the whole MOS field of view have been processed by 
the MORPHS group and were kindly given to us. They 
consist of recombined F555W and F814W images. The 
HST astrometry was lost during the combination process 
and it was re-computed using the astrometric solution of 
our ground-base images as reference. 


2.3. Spectroscopic data 

The spectroscopic observations were carried out with 
EMMI installed on the NTT. Using five masks punched 
before the observations, we obtained spectra of 111 dif¬ 
ferent objects towards the inner Mpe^ (5’ x 7’) of Abell 
1689. Each slitlet was 1.3” wide (3.4 kpc at the distance of 
A1689) and at least 8” long. The slit length was actually 
adjusted to cover the whole length of the target object 
keeping some blank sky at each side. Note that, due to 
geometrical constraints, the slit orientation was not neces¬ 
sarily along the main axis. The targets were selected from 
a deep V-band image of the cluster which was available in 
the NTT archive. We chose preferentially the optical coun- 

^ The EMMI red channel blue-like Bb filter which was used 
has a transmission curve slightly different from the standard 
Johnson’s filter. 
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terparts to the MIR sources detected by ISOCAM (Paper 
I) and completed the gaps between the slitlets with bright 
cluster candidates. The completeness of the MOS sample 
is analyzed in Appendix A. It is shown that the initial se¬ 
lection criterion results only in a slight bias towards blue 
galaxies. Whenever possible, objects in the same magni¬ 
tude range were arranged in each mask. The source lists of 
cluster members and fore-/background galaxies are given 
in Table and |^, respectively. The total integration time 
was about 2 hours per mask, divided in 4 exposures of 
30 minutes each. The disperser, ESO grism#3, had a res¬ 
olution of about 700 at 6000 A . The wavelength range 
depended on each slitlet position on the mask. We made 
sure that the redshifted 4000 A break was present in all 
spectra. The wavelength of Hq is available only for a few 
galaxies whereas the [Oil] >3727 position is reached in most 
cases. 


Data reduction and extraction were performed using 
a set of IRAF procedures written by PAD. A normalized 
dome flat was used as a flat-held. The wavelength cali¬ 
bration, based on HeAr lamp spectra, was carried out on 
the 2D spectra that were initially roughly re-positioned 
to a common wavelength using the info of the slitlet po¬ 
sitions available in the headers. The spectra of several 
spectrophotometric standard stars were obtained with the 
same grism and 5” wide long-slits. A few objects were ob¬ 
served through different masks with their corresponding 
slitlets put at various locations. We could hence check the 
relative accuracy of the flux calibration in the MOS held, 
which turns out to be better than 20%. 


Redshifts were determined from the average value of 
individual emission and absorption lines with a stronger 
weight given to emission lines. For spectra with very low 
signal to noise, no obvious lines could be identified; in¬ 
stead the wavelength of the 4000 A decrement was used. 
The redshift of thirty galaxies could be compared with 
that measured by [Teague et al. (1990 ). They are identical 
(within 1%) for all of themj_^but two Our redshifts are 
listed in Table and Table Q. 

Line measurements were performed with two tech¬ 
niques: manually, with the gaussian fitting provided by 
the ’splot’ procedure in IRAF, and semi-automatically 
with a purposely written pr ogram (MORPHS collabora¬ 
tion, Dressier et ah, 1999 ). They agree well with each 
other, although the manual technique underestimates the 
equivalent widths by 15-20%. This is due to systematic 
differences in the adopted level of the continuum. In order 
to compare our results with those of the MORPHS group, 
we decided to base our spectral classification and analysis 
on the measurements obtained with the semi-automatic 
method. For galaxies observed through different masks, 
we retained the spectra with the highest signal to noise. 


® [TCG90] 006 and [TCG90] 217 have a redshift of resp. 
0. 0825 and 0.0862 ins tead of 0.1826 and 0.2153 as reported 
in Teague et al. (1990 ). Given the number of spectral features, 
we believe our redshifts are the correct ones. 



Fig. 1. Redshift histogram towards Abell 1689 in the red¬ 
shift range z = 0 - 1. Several samples are included: opti¬ 
cally selected galaxies with photometric redshifts from the 
catalog by Dye et al. (2001) (light shaded bars) or spec¬ 
troscopic redshifts from our MOS survey and from the 
literature (shaded bars); ISOCAM-selected galaxies with 
either spectroscopic or photometric redshifts (dark shaded 
bars). The inset shows a close up on the redshift range 2 = 
0.17 - 0.22, that considered for cluster membership. Only 
ISOCAM-selected galaxies with well determined spectro¬ 
scopic redshifts are included in the latter plot. The x-axis 
is scaled in km s“^. 


The spectrophotometric data of our MOS run are listed 
in Table ||. 


3. Results 


3.1. Cluster membership and velocity distribution 

The histograms shown in Figure collect all redshift in¬ 
formation available for galaxies lying in the 5’ x 7’ held 
towards Abell 1689. Spectroscopic redshifts mainly come 
from our MOS survey and from the spectroscopic survey 
by Teague et al. (199C| ). In addition. Dye et al. (2001 ) de¬ 
termined the photometric redshifts of several hundreds of 
galaxies observed through an optimized set of narrow- 
band and broad-band Alters. Not surprisingly, all his¬ 
tograms show a strong concentration of galaxies in the red¬ 
shift range 0.17 - 0.22, presumably members of Abell 1689. 
The peak is at Zspectro = 0.184. While the large disper¬ 
sion in the redshift distribution based on the photometric 
technique results from the uncertainty of the method, the 
substantial velocity spread indicated by the spectroscopic 
observations for galaxies related to A1689 is real (see in¬ 
set in Fig. 1^). It reflects both the richness of the cluster 
and its c omplex velocity stru cture. Applying a multiscale 
analysis, [Girardi et al. (1997 ) distinguished three distinct 
groups in A1689 that overlap spatially but are well sepa¬ 
rated in velocity. Hence, what we see in projection towards 
the central region of this cluster (see Fig. ||) is probably 
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Fig. 2. Spatial and velocity distribution of cluster mem¬ 
bers. Photometrically confirmed members are shown with 
the small stars. Spectroscopically confirmed members are 
shown with circles the size of which is proportional to 
their velocity in the cluster. Finally, the filled (red) circles 
correspond to the ISOCAM 15/rm sources. 


composed of different subclumps merging along the line of 
sight. 

Figure ^indicates that the ISOCAM-detected galaxies 
also show a well-defined peak in correspondence with the 
cluster baricentric velocity. Actually, more than 80% of the 
ISOCAM sources have redshifts between 0.17 -- 0.22. This 
prominent excess of mid-infrared emitters related to the 
cluster is real and does not result from selection effects in 
the optical follow-up (see Paper I). However, the velocity 
distribution of ISOCAM sources related to A1689 is flatter 
than that of the bulk of the cluster population (see inset in 
Fig. This result is actually expected. We will show later 
that most MIR emitters are associated with spiral and 
emission-line galaxies. Studies of nearby clusters indicate 
a larger velocity dispersion for this population than for 
the early-type galaxies (e.g. Biviano et ah, 1997 ). 

The observation of a well defined peak in the red- 
shift histogram at z = 0.17-0.22 both in the opti¬ 

cally selected and mid-infrared selected samples provide a 
redshift-based criteria to assess the cluster membership. 
In the following analysis, we consider as cluster mem¬ 
bers at large all galaxies in the above-mentionned redshift 
range. They might be long standing members, galaxies 
just falling in the cluster or belonging to merging sub¬ 
clusters. Their excess of infrared activity as detected by 
ISOCAM might trace the broad cluster environment, or 
the cluster itself. A detailed analysis of the precise role 
of the environment goes beyond the limits of this study 
for lack of statistics and field coverage. Our survey only 
extends out to a clustercentric radius of 0.5 Mpe, there¬ 
fore inferring a radial dependence of the properties of the 
cluster members is not possible. 


3.2. Properties of the optically selected cluster 
members 

In this section we present the photometric, spectroscopic 
and morphological properties of galaxies in our spectro¬ 
scopic sample, comparing them when possible with the 
properties of lower and higher redshift clusters. 


3.2.1. The optical subsamples 


The 74 cluster members in our MOS survey are listed in 
Table |^. In the following analysis we include another 17 
galaxies for which redshifts are available in the literature 
(Teague et ah, 199C). These are listed in Table We also 
make use of the 167 galaxies with an R band magnitude 
brighter than 22 , which have a photometric redshift deter¬ 
mined by Dye et al. (2001) compatible with a cluster mem¬ 
bership. Those detected by ISOCAM are listed in Table |[ 
For reference, we indicate in Table ^ the foreground and 
background galaxies found in our MOS survey. 


3.2.2. Blue fraction 


The value of the blue fraction, /b, in Abell 1689, i.e. the 
proportion of galaxies bluer than the color-magnitude re¬ 
lation, is controversial. In their original article. Butcher 
|fc Oemler (1984 ) computed a value of /b = 0.09 ± 0.03. 
However, later on [Gudehus fc Hegyi (1991 ) estimated a 
lower value for /b(0.05 ± 0.06) consistent with the blue 
fraction measured in local clusters. Recently, /b was re¬ 


vised again and raised to: 0.093 ± 0.019 (Margoniner & 
de Carvalho, 200"^ ) and even 0.191 ± 0.015 (Margoniner 


3 t al., 2001|). Such a discrepancy can be due to the many 


observational biases, the fuzziness of the definition of the 
blue fraction (i.e. the choice of the color index, luminosity 
range, k-correction model, location of the color-magnitude 
diagram etc.) and especially the background subtraction. 

We estimated /b using our dataset of confirmed cluster 
members (see details in Appendix B). Our computed value 
is 1.5-2 times that originally derived by Butcher & Oemler 


(1984) for this cluster and appears to be much higher than 


in the local rich clusters studied by these authors. Large 
blue fractions have also been reported in other clusters at 
z=0.2 (e.g. in Abell 115, Metevier et al., 2doo| ), but there 
is clearly a large spread in /b among rich clusters at this 
redshift ( Smail et al., 199^ ). 


3.2.3. Spectral and morphological classification 

We classified all spec tra using the set of rules proposed by 
Dressier et al. (19991) , which are based on the rest-frame 
equivalent widths of the [OH] >3727 emission line and the 
H 5 absorption line Q. No spectral type could be assigned 

^ We have introduced an additional spectral class, the “k(e)” 
type, which represents spectra similar to the k-type but with 
signs of at least one very weak emission line. The definition of 
the “e(a)” class was also slightly modified, as indicated and 
justified in Sec. 3.3.4. Finally, seven galaxies for which the 
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Fig. 3. Representative optical spectra of cluster members 
with different spectral types. All spectra except the bot¬ 
tom one belong to LW3-detected galaxies. From bottom 
to top, spectra are ordered by increasing 15 fim flux. The 
MOS ID and spectral type are indicated to the right. 


to the spectra of 8 cluster members due to their low signal 
to noise. 


'i- 

Fig. 4. Spectral type histogram of all MOS (light shaded), 
6.75 /rm detected (shaded,LW2) and 15 /im detected (dark 
shaded,LW3) cluster members in the ISOCAM field of 
view. Note that almost all LW3 sources have also been 
detected in the LW2 filter. The unknown class ’?’ either 
includes galaxies for which the signal to noise was too low 
to determine a redshift or ISOCAM sources missed by our 
MOS survey. 


Representative spectra for each class are presented in 
Figure H and the histogram of the spectral types is shown 
in Figure At least 50% of the spectroscopically con¬ 
firmed members have spectra of type ’k’ - they show 
no emission lines and only weak Balmer absorption lines 
- and are hence typical of passive early type galaxies. 
The ’k-ba’ type, characterized by the presence of strong 
Balmer absorption lines typical of post-starburst/post¬ 
starforming galaxies, accounts for 10 to 15% of our spec¬ 
troscopic sample. This fraction is significantly higher than 
that tyi pically ootimatod in nearby cluotoro (— ' 1 % accord 


The spectroscopic sample includes only one Seyfert 1 
galaxy, identified by the broad emission line. Usual 
diagno stics to distinguish Seyfert 2/ LINERs from HII re¬ 
gions ( Veilleux fc Osterbrock, 1987 ) could not be applied 
because the required hydrogen, [Nil] nitrogen and [SII] 
sulfur lines were outside the spectral range of most galax¬ 
ies. Instead, we have used the recent diagnostics of Rola 


ing to Drooolor, 1087). A direct comparioon with higher 


et al. (1997), based on lines in the blue only. We found 


redshift clusters is hindered by the different completeness 
as a function of galaxy magnitude of the various spectro¬ 
scopic samples. In clusters at z ~ 0.5, the k-ba frac tion was 
found to be about 20% (MORPHS collaboration, Dressier 
et ah, 199E ; Poggianti et al., 1999| ). Using a sample with 
a mea n redshift lower tha n the MORPHS, the CNOCl 
group ( [Balogh et ah, 19^ ) estimated a much lower pro¬ 
portion of p ost-starburst galaxies , less than 5%. On the 
other hand, Abraham et al. (1996| ) counted in Abell 2390 
a proportion of H^-strong galaxies as high as 23%, in good 
agreement with Abell 1689 where the H^-strong objects 
(k-ba’s and e(a)’s) amount to about 20%. The two clusters 
are situated at the same redshift. 

In total about 20% of the cluster members in our sam¬ 
ple are emission line galaxies showing some level of star 
formation in the optical. Conversely, most of the galaxies 
in the cluster classified as ’blue’ - those responsible for 
the photometric Butcher-Oemler effect - exhibit emission 
lines that are indicative of a current star formation. 


that no AGN activity was required to explain the optical 
spectra of the emission line galaxies but the Seyfert 1. 

Finally, we note that all spectral types are evenly dis¬ 
tributed throughout our field of view. Star-forming galax¬ 
ies are present even at low projected clustercentric radii. 
The field-of-view and the sub-clustering and related pro¬ 
jection effects (see Sec. 3.1) are likely to be the reasons 
why no clear radial trend is actually observed in any of 
the galactic properties (optical color, spectral characteris¬ 
tics, morphology). 

The morphologies of galaxies towards Abell 1689 were 
derived and kindly provided to us by the MORPHS group 
from HST WFPC2 images, and are included in Table ^ 
A description of the classification method may be found 
Smail et al. (199^. The fraction of E-type galaxies 


[OII]a 3727 line was outside the MOS wavelength range were 
classihed based on their Hydrogen Balmer lines. 


does not change if photometric or spectroscopic members 
are considered, showing that our MOS survey is not bi¬ 
ased towards/against any particular Hubble type of galax¬ 
ies. Within our spectroscopic sample, the majority (60%) 
of the members have morphologies typical of early type 
galaxies (ellipticals and lenticulars). We find a quite large 
fraction of lenticulars (about 35%) and an even larger frac- 












































P.A. Due et al.: Hidden star formation in Abell 1689 


7 


tion of spirals (at least 40%)|^ The latter is significantly 
larger than the spiral fraction in rich clusters at z=0 (e.g. 
see Fig. 9 in [Fasano et ah, 2000| ). 

To conclude, for many aspects, the galaxies in Abell 
1689 - despite their low redshift - seem to have different 
optical properties than those of galaxies in typical rich 
clusters in the nearby universe. Several of the evolution¬ 
ary trends associated with the Butcher-Oemler effect, i.e. 
a change in the photometric, spectroscopic and morpho¬ 
logical properties of the cluster members, may already be 
seen in this z = 0.18 cluster. 

3.3. Properties of the MIR selected cluster members 

Abell 1689 is the first cluster at moderate distance that 
has been mapped in the mid-infrared regime with enough 
sensitivity to compute statistics on the properties of the 
MIR emitters. In the following, we will focus our analysis 
on the mid-infrared emitters in the cluster and discuss 
more in detail the IR side of the Butcher-Oemler effect 
that has been reported in Paper I. 

3.3.1. The MIR subsamples 

The ISOCAM cluster sample consists of 30 galaxies de¬ 
tected at 6.75 pm with a mean LW2 flux of 0.23 mJy and 
16 detected at 15 pm with a mean LW3 flux of 0.57 mJy 
^ Among them, 15 sources have been detected at both 
wavelengths. For most MIR sources, the cluster member¬ 
ship has been assessed using spectroscopic redshifts. Seven 
MIR sources have been missed in our MOS survey and 
were considered as cluster members based on their pho¬ 
tometric redshift only. They are listed in Table Five 
LW3 sources have a low signal to noise at 15 pm but 
were included in the statistics because the reliability of 
the detection was confirmed by the discovery of a strong 
6.75 pm counterpart (see Paper I). The LW2 sources to¬ 
wards the crowded central regions suffer severe blending 
problems. They were deblended into several sources and 
their relative LW2 fluxes were assigned based on the rel¬ 
ative luminosities of the optical counterparts candidates 
(Paper I). 
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Fig. 5. R-band magnitude histogram of spectroscopically 
confirmed (light shaded), 6.75 pm detected (shaded,LW2) 
and 15 pm detected (dark shaded,LW3) cluster members 
within the ISOCAM field of view. 
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Fig. 6. B — R color index histogram of spectroscopically 
confirmed (light shaded), 6.75 ^m detected (shaded,LW2) 
and 15 pm detected (dark shaded,LW3) cluster members 
within the ISOCAM field of view. 


3.3.2. Luminosity and color 

The R-band magnitude and B-R color distributions of the 
cluster MIR emitters are shown in Figure ^ and Figure 
superimposed on the histograms of the optically selected 

® The fractions do not change if only galaxies with Mv < 
—20 are included. This magnitude cut is the same as the 
one applied in other studies of galaxy morphologies, including 
Fasano et al. (2000). The cluster area sampled here is similar 
to the area used in these other works (the central Mpc^). A 
comparison of the morphological fractions in A1689 with those 
given by these other authors is therefore justified. 

® The galaxy ISO #28 which, with a photometric redshift of 
0.15, was considered as a possible cluster member in Paper I 
has not been included here. 


cluster members. Clearly, the LW2 sources correspond to 
the brightest and reddest galaxies in the cluster while the 
LW3 sources have a slightly flatter optical luminosity func¬ 
tion and moreover span a large color range. These results 
may be better visualized in the color-magnitude diagram 
shown in Figure where galaxies detected at 6.75 and 
15 pm are indicated by resp. a square and a circle. The 
size of each symbol is proportional to the LW3/LW2 flux 
ratio. The majority of the bright blue galaxies in the clus¬ 
ter - those responsible for the photometric BO effect - 
turn out have a large 15 pm to 6.75 pm flux ratio. In the 
magnitude range 18.5-19.5 only blue galaxies are detected 
through the LW3 filter. 
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bly, #39). Morphologically peculiar galaxies are known to 
be more frequent in ISO selected samples than in optical 
samples ( pl^lores et al., 19'^ ). It is also well known that 
the most extreme far-infrared emitters - the ULIRGs - 
are all mergers (Sanders & Mirabel, 1996). However, as 


we will show in Section 4.1, none of the MIR sources in 


Abell 1689 have far IR luminosities as high as ULIRGs. 


The galaxy at the core of the X-ray cluster emission, 
ISO#14, which is detected at 15^m, has an intriguing 
morphology: its isophotes are ellipticals but its central 
surface brightness is magnitudes below that of elliptical 
or cD galaxies. 


3.3.4. Spectral class 


Fig. 7. Golor-magnitude diagram towards Abell 1689. 
Galaxies whose cluster membership has been assessed 
from their photometric redshift are shown with the small 
black point. Spectroscopically confirmed members are 
shown with the large black points. Galaxies detected at 
6.75 (LW2) and 15 ^m (LW3) are indicated by resp. the 
(blue) squares and the (red) circles. The size of the lat¬ 
ter symbols are proportional to the ISOCAM flux color 
LW3/LW2. Note that almost all LW3 sources were also de¬ 
tected in the LW2 filter. For LW2-only detected sources, 
an upper limit for the LW3 flux was used to compute the 
MIR color. Only galaxies in the ISOCAM field of view are 
shown. 


3.3.3. Morphology 

HST morphologies are available for almost all ISOCAM 
sources. Figure || displays the optical images of the MIR 
emitters. These flux-calibrated images are all shown with 
the same spatial and intensity scale and are ordered ac¬ 
cording to the MIR color LW3/LW2. 

First of all, we note a correlation between the MIR 
color and the size and luminosities of the optical counter¬ 
parts, sources with a low LW3/LW2 ratio being generally 
bigger in size and more luminous in the optical. About 
half of the LW2 sources have morphologies characteris¬ 
tic of early type galaxies (E and SOs). Their LW2 light is 
expected to be contaminated by the large integrated stel¬ 
lar photospheric emission. The galaxies with the highest 
LW3/LW2 ratio and the majority (75%) of the LW3 emit¬ 
ters are spiral galaxies. This is expected since most of the 
emission at rest-frame 12.5 fj,m arises from star-forming 
regions which are prevalent in late-type galaxies. We note 
however that a few galaxies - 3 galaxies or 19%, which 
is already significant - of LW3 sources have morphologies 
typical of elliptical galaxies, and 1 is an SO. Among the 
galaxies with a high LW3/LW2 ratio, several of them have 
clearly a disturbed morphology: for example, perturbed 
external disks (ISO source #37, the strongest MIR emit¬ 
ter in the sample), isophote twisting (ISO#4), weak tidal 
tail (ISO#41) or interacting galaxies (ISO#6 and, possi- 


The dominant population among sources with a low 
LW3/LW2 flux ratio are passive, k-type, galaxies while 
50-70% of the LW3-bright sources are emission-line 
galaxies (see Fig. |^. The only AGN in our MOS sam¬ 
ple (ISO#41) is detected in both ISOGAM bands, with 
a LW3/LW2 flux o f 4 which is not unu sual for an AGN- 
dominated galaxy (Laurent et al., 2000). 


(Laurent et al., 2000 


One spectral class of particular interest for MIR se¬ 
lected samples is the so-called ’e(a)’ class: objects hav¬ 
ing moderate [Oil] emission line and a strong ab¬ 
sorption line. Objects with such a spectral signature in 


the o ptical have been interpreted by [Poggianti et al. 
(1999|) as dusty starbursts. Observationally, e(a) is the 


typical spectral class of very luminous infrared galaxies 
( Poggianti fc Wu, 2000| ) which are notoriously powered 
by dust enshrouded starbursts. In this survey, only one 
galaxy has an e(a) spec trum according to th e strict 
threshold as defined by Dressier et al. (1999 ). However, 
other three spectra display similar characteristics, with 
weak to moderate [OH] emission and unusually strong 
early Balmer lines in absorption. The average rest-frame 
< H0 + Hr] -L HC > /3 of these galaxies is always higher 
than 5 A (see Table |^) and is much stronger than in the 
spectra of all the other spectral classes, except the k-La’s. 
In these galaxies the H(5 line might be slightly more filled 
by emission than in the “proper” e(a) galaxies, but given 
the strong < H0 + Hr] + HC > /3 their spectrum is likely 
to be the result of star formation and dust properties sim¬ 
ilar to those in e(a)’s, and we decided to include them 
in the e(a) class hereafter. e(a) spectra represent about 
25% of our LW3 sample, whereas all e(a)’s in the spec¬ 
troscopic sample are LW3 sources. Once again, this seems 
to confirm the existence of a connection between dusty 
star-forming galaxies and optical spectra with strong early 
Balmer lines and weak emission. The star formation rates 
and dust extinction of the e(a) galaxies will be presented 
in Section 4.1.3, where it will be shown that the SF activ¬ 
ity in e(a)’s is the highest of all spectral classes. 


Surprisingly, five LW3 sources do not show any sign 
of current or recent star formation activity in their opti¬ 
cal spectra. These galaxies have the lowest LW3 fluxes in 
the sub-sample and the origin of their LW3 emission will 
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Fig. 8. HST/WFPC2 images of ISOCAM detected cluster members. They are ordered according to the increasing 
LW3/LW2 flux ratio (from the lower left to the upper right panels). The spatial and intensity (logarithmic) scales 
are the same in all panels. For ISO#32 and ISO#45 which lie outside the HST survey field of view, NTT images are 
shown instead. Galaxies are labeled with the ISO ID number. Labels with a low-size text font indicate objects only 
detected at 6.75/xm. For these, an upper limit for the LW3 flux was used to compute the MIR color. 

be discussed in Section 4.1.2. In total, less than 15% of 3.3.5. The IR side of the BO effect 
the passive (k-type) galaxies and no post-starburst (k+a) 

galaxies are detected at 15 /rm. The properties of the galaxies from our MIR samples can 

roughly be summarized as follows: sources with a low 
LW3/LW2 flux ratio typically consist of luminous, red. 
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passive early type galaxies, while those with a ’red’ MIR 
color are mainly luminous, blue, emission line, disturbed 
spiral galaxies - precisely the galaxies responsible for the 
optical Butcher-Oemler effects. Moreover, a small but sig¬ 
nificant fraction of LW3 sources show no sign of current 


nor recent SF in their optical spectra. 


galaxy rises to 0.5 Mq yr“^. The highest optical SFR mea¬ 
sured in our sample, 1.15 Mq yr“^, appears rather modest 
with respect to that found in other clusters at similar red- 
shifts (e.g. AC 114 at z=0.32 Couch et ah, 2001) and to 
the average SFR measured in the coeval field (e.g. Tressc 
fc Maddox, 199^) with slit spectroscopy. 


4. Discussion 

In the previous section, it has been shown that the ma¬ 
jority of LW3 sources have spectra with emission-lines in¬ 
dicative of ongoing star formation. Thus, qualitatively the 
optical SF estimators generally agree with the MIR data 
in identifying starforming galaxies, in about 70% of the 
cases. In this section, we will compare the SFR derived 
from the [Oil] line and from the MIR flux in a quantita¬ 
tive manner, with the purpose of evaluating how much of 
the SF activity remains undetected from the spectra. 

4.1. Total star formation rates in Abell 1689 

4.1.1. Optical star formation rate 

Balmer Hydrogen lines are commonly used to derive star- 
formation rates in the optical. However for most of the 
cluster members, the H^ line was outside our spectral do¬ 
main. The H^ emission line is not reliable because it is 
polluted by the absorption line from A stars. Our spectral 
resolution is too low to properly subtract this contribu¬ 
tion. Measurements in the UV, that are heavily affected by 
dust extinction as well, are not available. The only tracer 
at our disposal in the optical is the [OH] >,3727 emission 
line. Several studies have emphasized the many problems 
of that line (e.g. Jansen et ah, 2001; [Chariot fc Longhetti 


,.-1 


4.1.2. Mid infrared emission and star formation activity 

The MIR emission, despite its complexity, is arguably a 
reliable tracer of the star formation activity. The many 
different components at the origin of the emission in the 
ISOCAM ba nds have been discussed in detail in many 
papers (e.g. Genzel fc Cesarsky, 200C , and references 
therein). In short, the main contributors are (a) unidenti¬ 
fied infrared bands (UIBs) from photodissociation regions 
(PDR), (b) continuum emission by warm small grains 
heated by young stars or an AGN (c) continuum emission 
from the photosphere of evolved stars, and (d) emission 
lines from the ionized interstellar gas. The exact contri¬ 
bution of each component is difficult to be assessed using 
broad-band photometric data only. When no spectrum 
is available, the LW3/LW2 color index provides a rough 
indication of the relative importance in the MIR regime 
of the starburst activity versus more quiescent spiral-like 
star formation, AGN activity and stellar emission, in the 
sense that a higher LW3/LW2 generally indicates a more 
prevalent starburst activity (see the empirical models of 


Laurent et ah, 2000). Of course, this single diagnostic is 


2001). Being in the blue, it is very sensitive to extinction. 
Moreover, its strength is not simply proportional to the 
number of ionizing photons; it depends very much on the 
metallicity/excitation of the ISM. As a result, the uncer¬ 
tainties in the SFR derived from [OH] may be as high as 
a factor of 10. Nevertheless, this line is used very often 
as a SF indicator, given the lack of alternatives in many 
studies. 

[OH]a 3727 could be measured in the spectra of 9 galax¬ 
ies which are members of A1689 lying within the field of 
vi ew of the ISOCAM survey. We have used the conversion 
of Kennicutt (1998 ): 


SFR{[OII]) = 1.4xl0“^^L([O//]/erg s"!) Mg yr 

which is valid for solar abundance and a Salpeter IMF. 
The SFR derived in A1689 galaxies ranges between 
0.05 Mg yr“^ and 0.5 Mg yr“^ with an average and me¬ 
dian among [OH]-detected galaxies of 0.2 Mg yr“^ per 
galaxy (see Table |^). These values are lower limits, given 
that no extinction correction was applied. Moreover, a 
fraction of the [OH] flux from the galaxies might have 
been missed by the slitlet (see Sec. 4.2.1). After correct¬ 
ing for a canonical extinction in the optical of 1 mag at 
Ha ( [Kennicutt, 1992 ), the average SFR per star-forming 


at some level degenerate and some a priori assumption on 
the origin of the MIR emission should be introduced. 

In our sample, nuclear activity does not contribute 
much. Only one AGN, of Seyfert 1 type, is present in our 
optical spectroscopic database (see Sec. 3.2.3). Moreover, 
it is unlikely that Abell 1689 harbors obscured AGNs 
s imilar to those disc overed in the most extreme ULlRGs 
( ganders et al., 19^ ). The contribution of the nuclear ac¬ 
tivity seems to become prominent only in galaxies with a 
total infrared luminosity that exceeds 10^^'^ Lg ( Veilleux 
[et ah, 19^ ; Tran et ah, 200l| ) while, as we will see in the 
following, all the galaxies in our sample have IR luminosi¬ 
ties more than an order of magnitude lower. 

A correlation between the LW3/LW2 flux ratio and 
the LW3 luminosity, shown in Figure is observed for 
the A1689 cluster members, especially when one takes into 
account the upper limits. This trend can be qualitatively 
understood considering that the LW3 luminosity is an in¬ 
dicator of the star formation activity |^. Passive galaxies 
have a mid-infrared spectrum in which the Rayleigh-Jeans 
tail of the dominant old stellar component prevails; for a 
pure stellar contribution approximated by a T = 3500 K 
black body redshifted to z = 0.2, the MIR color index is as 
low as log LW3/LW2 = -0.6. The MIR spectrum of galax- 


In contrast, the LW2 flux observed at the redshift of Abell 
1689 (rest-frame 5.7 pm ) is mostly due to stellar emission and 
is hence a worse tracer of the star formation activity. Indeed, 
the LW3/LW2 ratio and the LW2 flux are not correlated. 
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Fig. 9. Mid-infrared LW3/LW2 color index versus 15 /im 
luminosity (in Lq) for ISOCAM cluster members. Top: 
individual values. The ISO ID number is indicated for 
galaxies detected at both 6.75 /im and 15 /im. Bottom: av¬ 
eraged values per spectral class. The errors are the devia¬ 
tion to the mean. Only galaxies detected in both ISOCAM 
bands were used. The open circle corresponds to the av¬ 
erage values of early-type galaxies in the Virgo cluster 
(Boselli et ah, 1998). The 15 /tm luminosities were com¬ 
puted using the formula L 15 = where 5^ is the 

LW3 filter width. 


Fig. 10. Mid-infrared LW3/LW2 color index versus 
LW3/K’ flux ratio for ISOCAM cluster members. Top: 
individual values. The ISO ID number is indicated for 
galaxies detected at both 6.75 /tm and 15 /tm. Bottom: 
averaged values per spectral class. The errors are the 
deviation to the mean. Only galaxies detected in both 
ISOCAM bands were used. The star indicates the posi¬ 
tion of a 3500K blackbody which approximates the SED 
of ellipticals. The associated arrow shows the k-correction 
to apply at 2 : = 0.18. The open circle corresponds to the 
average values of early-type galaxies in the Virgo cluster 
( Boselli et ah, 19^ ). 


ies with a low to moderate star formation rate, typical of 
normal spirals, is dominated by the UIBs; their MIR color 
index is typically log LW3/LW2 = 0 to 0.5 at 2 = 0.2 (see 
Fig. 11 in Laurent et al., 200C| ). Finally, the MIR spectrum 
of galaxies with a high SFR, i.e. starbursts, is dominated 
for A > 10 /rm by continuum emission from hot dust; 
their LW3/LW2 ratio increases to values as high as log 
LW3/LW2 = 1. The correlation between the MIR color 
index and the 15 /im flux is kept when the latter is nor¬ 
malized by the near-infrared K’ flux at 2.2 /im, a tracer of 
the total stellar luminosity (see Fig. M)- Pure stellar MIR 
emitters have log LW3/K’ = -I.l (after k-correction) while 
in dusty active galaxies this ratio may reach log LW3/K’ 


= -0.5. The diagrams presented in Figures || and show 
that all LW3-detected galaxies in A1689 have a 15 /tm 
flux which is much higher than expected for a Rayleigh- 
Jeans emission. The contribution from photospheric stel¬ 
lar emission may be up to 50% for galaxies with the lowest 
LW3/K’ flux ratio, on average is about 20%, and less than 
2% for the 15 /im-bright galaxies. 

Therefore the 15 /rm-detected population is composed 
of star-forming cluster members with some (5 to 7) galax¬ 
ies with LW3/LW2 ratios in the range typical for normal 
spirals, while the remaining (3 to 5) galaxies have higher 
LW3/LW2 ratios suggestive of a current starburst. 
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4.1.3. Infrared star formation rate 


The level of star-formation activity may be estimated in 
a more quantitative but indirect way through the relation 
between the mid and far-infrared luminosities. Dust en¬ 
shrouded young stars emit radiation which is reprocessed 
and emitted by dust mainly in the wavelength domain 
40-1000 ^m. Hence the FI R luminosity is o ne of the best 
tracers of the global SFR ( Kennicutt, 1998 ). In a sample 
of nearby IRA S galaxies observed with ISOCAM, Chary 
fc Elbaz (2001 ) found strong correlations between the lu¬ 
minosity at 12 and 15 fim and the total IR luminosity at 
A8-1000 fim. This result, wh ich confirms the early works 
based on IRAS studies (e.g. Spinoglio et al., 1995| ), cor¬ 
roborates the idea that the MIR regime is a good tracer 
of the star formation rate in galaxies. At the redshift of 
Abell 1689, the central wavelength of the LW3 filter cor¬ 
responds to rest-frame A = 12.7 fim, which is close to the 
central wavelength of the IRAS 12 p,m band. We converted 
the LW3 fluxes into IRAS equivalent 12 p,m fluxes, taking 
into account the differences in the bandwidth and response 
function between the two filters. Adopting the MIR-FIR 
relations derived by Chary fc Elbaz (2001D , we estimated 
the far-infrared luminosity for all LW3 sources in A1689. 
For LW3-detected galaxies, we find that the infrared lu¬ 
minosity ranges between 0.9x10^° Lq and 6.2x10^° L©0- 
Therefore, none of the MIR sources in A1689 reaches the 
luminosities of Luminous Infrared Galaxies. The average 
infrared luminosity is 2x10^° Lq. 

We computed the star formation rate from the IR lu¬ 
minosity following the conversion of Kennicutt (1998|) : 


SFR{IR) = 1.7x10"^'’ (iir/L©) M© yr 


,.-1 


The assumptions are continuous bursts lasting 10-100 
Myr and the same Salpeter IMF as that adopted when de¬ 
riving SFR{[OII]). With this conversion, given the sensi¬ 
tivity of our ISOCAM survey, galaxies with a SFR lower 
than 1.4 M© yr“^ would not have been detected. 

The SFR(IR)s derived in this way are listed in Table 
In Abell 1689, the LW3 sources with accurate LW3 flux 
(11 in 16) have a SFR(IR) that ranges between 1.6 and 11 
M© yr“^ with an average of 3.5 M© yr“^ per galaxy and 
a median value of 2.3 M© yr“^. 

Deep VLA radio maps of Abell 1689 will soon become 
available ( Morrison, 2000 ). The radio continuum emission 
provides another excellent tool to probe the total star for¬ 
mation rate in galaxies, therefore it will be interesting to 
compare these new data with our MIR-based estimate of 
the star formation rate. 

Comparisons with the coeval field are still difficult due 
to the lack of data. The situation will remain as such un- 


til the ELA IS ISOCAM surveys are fully released ( Oliver 


et ah, 2000 ). For the time being, 15 /rm data have been 
published for a couple of small helds: the CFRS held 


® Note that below infrared luminosities of 10^° L©, the con¬ 
tamination by cirrus might be important. In this sample, it is 
negligible. 


1415-1-52 ( Flores et ah, 199^) and the Hu bble Deep held 
( Serjeant et al., 1997 ; Aussel et al., 199!: ) which includes 
galaxies at an average redshift of z = 0.8. At this distance, 
given their completeness limits (0.25 mJy for the CFRS 
held and 0.10 mJy for the HDF), these surveys picked up 
mostly luminous infrared galaxies (Lm > lO^^L©) with 
star formation rates much higher than in Abell 1689. The 
ISOCAM survey of the whole CFRS helds provided a 
sample of 5 galaxies with a redshift between 0.1 and 0.3 
and a 15 fim hux higher than the sensitivity limit of the 
A1689 survey (Flores et al., in preparation). Their me¬ 
dian SFR inferred from their mid-infrared hux with the 
same method as in this paper, 2.2 M© yr“^, is similar to 
the median SFR measured in the star-forming galaxies of 
Abell 1689. A comparison per morphological type, which 
would be more fair, is yet impossible due to the size of 
these samples. 


4.2. Hidden star formation in Abell 1689 

We will now compare the star formation rates derived in 
the infrared and in the optical for the LW3-detected galax¬ 
ies. 


4.2.1. Star formation missed in the optical 


As shown in Figure ^ the ratio SFR(IR)/SFR([OH]) 
ranges between about 10 and 100 with a median value 
of 12 (a mean of 30) when only considering emission-line 
galaxies for which the [OH] hux could be measured and for 
which the 15 fim hux is well determined (5 galaxies in to¬ 
tal). Adding the LW3 sources with undetected [OH]a 3727 
line and assigning to its hux a conservative upper limit of 
5x10“^’^ erg cm“^ s“^, the median SFR(IR)/SFR([OH]) 
raises to 30. Therefore, one misses at least 90% of the 
star formation activity when estimating the latter from 
the [OH] optical line. 


Note that a high SFR(IR)/SFR([OH]) is more likely 
the result of a high extinction rather than a strong under¬ 
estimate of the [OH] hux caused by slit aperture effects. 
Surely, excentered H ii regions might have been missed by 
the slitlets which were centered on the nucleus and had a 
random orientation with respect to the galaxy position 
angle. We tried to quantify aperture losses extrapolat¬ 
ing the surface brightness prohle of the [OH] line along 
our 1.3”-wide slits to the entire galaxy. We obtained up¬ 
per limits for the aperture correction factor ranging be¬ 
tween 1.2 and 1.9 with an average of 1.6. Therefore, even 
after applying this correction, SFR(IR) and SFR([OH]) 
cannot be reconciled without a strong extinction. We re¬ 
mind the reader that the “standard” dust correction gen¬ 
erally adopted for spirals (1 mag at Ha) is eq uivalent, 
given the SFR calibrations of Kennicutt (1992 ), to as¬ 
suming SFR(IR)/SFR([OH])=2.5 . Undoubtedly, an im¬ 
portant fraction of the star formation activity in Abell 
1689 is dust enshrouded. Using deep radio centimetric ob¬ 
servations to trace star formation in the z = 0.41 cluster 
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i.b( srii(iB) : 


In fact, at least five galaxies namely ISO#3,14,26,30,32 
that are considered as ’passive’ in view of their opti¬ 
cal properties - a k-/k(e)-type spectrum and, sometimes, 
an early-type morphology (Es,S0s) - are detected in the 
15 /im band. The emission at the same rest-frame wave¬ 
length from ellipticals in Virgo and Coma was interpreted 
as dominated by photospheric emission from old stars 
( Boselli et ah, 199^ ). However, stellar emission is not likely 
to be the dominant source of the 15 micron flux observed 
in the optically-passive galaxies of A1689, as judged from 
their LW3 /LW2 and LW3/K’ flux ratios (discussed in 
Sec. 4.1.2|) . They are much higher than those of Virgo’s 
ellipticals while the ISum luminosity increases by a factor 
of 5 (see Fig. |pb and [l^). Placed at the reds hift of Abell 


1689, the nearby ellipticals from the sample of |Boselli et al 
(1998|) would have LW3 fluxes below 0.1 mJy; therefore 


Fig. 11. Ratio between the star formation rate derived 
from the infrared to the star formation estimated from 
the flux of the [OII]a 3727 line versus log SFR(IR) (in 
Mq yr“^). No extinction ot aperture corrections have 
been applied to SFR([OII]). The ISO ID number is in¬ 
dicated. 


none of them would have been detected by our survey. If 
part of the LW3 emission of the ’passive’ A1689 galax¬ 
ies is really, as we believe, due to star formation, the in¬ 
ferred value of the SFR is modest but significant: up to 2 
Mq yr“^ (1 M0 yr“^ applying a correction factor due the 
photospheric emission) and 20-40 times higher than that 
derived in the optical from the upper limit of the [Oil] 
line (see Fig. ini)- 


CL0939-I-4713, Smail et al. (1999) reached a similar con¬ 
clusion. 


The level of dust enshrouded star formation depends 
however very much on the galaxy spectral type, as can 
be seen in Figures ||3 and |l0| b where the average LW3 
luminosity, LW3/K’ and LW3/LW2 flux ratios are plotted 
for each spectral class. 

In Section 3.3.4, it has been reported that all e(a) 
galaxies in our sample are LW3 sources and that about 
25% of the LW3 sources have e(a) spectra. We see from 
Figure |b that galaxies with an e(a) signature have the 
largest LW3 luminosity and LW3/LW2 flux ratio, i.e. their 
MIR emission is clearly powered by a starburst rather 
than quiescent star-formation. In the most extreme galaxy 
among these dusty starbursts, ISO#37, the total SFR is 
underestimated by a factor of 100 when computed from 
the [Oil] line (see Fig. 0 ) . We note however that, whereas 
e(a)’s are common among the LW3 subsample and have 
rather large SFRs, they constitute in number only 5% of 
the total cluster population. 


It was suggested that some of the numerous k-ba galax¬ 
ies could be extre me e(a)’s in which the [Oil] line is to¬ 
tally extinguished ( ^mail et al., 1999 ). However, no k-ba 
is detected in the mid-infrared regime in Abell 1689. 
Galaxies of this spectral class do not host hidden star for¬ 
mation activity up to the ISOCAM sensitivity limit of 
1.4 Mq yr“^. They are rather likely to be genuine “post- 
starburst” galaxies or at least galaxies where star forma¬ 
tion has stopped. 


It has been noted in Section 3.3.4 that some of the LW3 
sources do not show signs of SF activity in their spectra. 


4.2.2. Star formation missed in the infrared 

Conversely, one could ask whether all star formation 
shows up in the mid-infrared. In principle, in environ¬ 
ments with small amounts of dust, the UV photons emit¬ 
ted in SF regions are not re-processed and are missed in 
the MIR. In our sample, one galaxy with strong equiva¬ 
lent widths of the optical emission lines was not detected 
at 15 bfrn(MOS#48). It turns out however that it has an 
R-band magnitude below 19.5. No galaxies have been de¬ 
tected in LW3 in this luminosity domain, apart from one 
object with R=20.4 (ISO#39) for which the cluster mem¬ 
bership is uncertain as it is based on its photometric red- 
shift. The ’optical’ SFR measured for galaxy MOS#48 is 
only 0.15 Mq yr“^. The non-detection is then likely due 
to the lack of sensitivity of ISOCAM for low mass galaxies 
with integrated SFR below 1.4 Mg yr“^. Therefore, this 
galaxy would not have been detected even if the infrared 
to optical SFR was a factor of 10. Sensitivity problems 
on the MIR side may also explain why two e(c) galaxies 
in the ISOCAM field of view were not detected as well 
(MOS#2 and MOS#69). 

Given the low-level of star formation undetected by 
ISOCAM in faint blue galaxies and the paucity of this kind 
of objects even in the photometric sample (see the color- 
magnitude diagram in Fig. the MIR emission should 
provide a good rough estimate of the total SFR in the 
cluster. Of course, our optical and infrared surveys missed 
the faint end population of star-forming dwarf galaxies. 

® Out of a total of 16 LW3 sources (30%). The maximum 
percentage is 50% taking into account the three LW3 sources 
absent in our MOS sample. 
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If their luminosity function is steep enough, one might 
underestimate significantly the total star formation rate 
in the cluster. 


4.2.3. Dust extinction and the cluster environment 


The high 15 /im luminosities, LW3/K’ color index and 
SFR(IR)/SFR(opt) ratios measured in A1689 clearly in¬ 
dicate that the star-forming galaxies in the cluster are af¬ 
fected by strong dust obscuration. Does this high level of 
extinction result from the cluster environment ? Such an 
effect would not be unexpected. Ram-pressure and galac¬ 
tic harassment contribute to strip the outer gas reservoir 
of gas-rich galaxies falling in the cluster environment. The 
star-formation activity is then quenched in the disk while 
it is maintained longer in the central regions which are 
less under the influence of the outside environment but 
are more affected by internal extinction. The increasing 
contribution of the dust-obscured nuclear or circumnu- 
clear SF would be at the origin of a correlation between 
the apparent extinction and the Hi deficiency. Indeed, 
studying a sample of nearby spiral galaxies mapped by 
ISOCAM, Roussel et al. (2001) found that the ratio of the 
MIR to optical diameter decreases when the H i deficiency 
increases while the mean FIR to Hq flux ratio rises along 
with central concentration of the MIR emission and hence 


of the warm dust. Besides, according to [Moss fc Whittle 
(20001) , circumnuclear star-formation is more common in 


rich clusters than in the field. 

On the other side, dust enshrouded star formation 
episodes are commonly found in field luminous infrared 
galaxies ( Sanders fc Mirabel, 1996 ) - a lot of them be¬ 
ing however interacting systems -, and recent studies in¬ 
dicate that most of the star-formation activity could be 
hidden even in UV-bright low-mass galaxies, such as the 
blue compact dwarf galaxies (Hunt et al., 2001). It is 
then not unlikely that SF in some, if not the majority, 
of the galaxies that fell in the cluster was already dust 
obscured. Understanding whether dust extinction is en¬ 
hanced in galaxies as a consequence of the cluster envi¬ 
ronment will be possible only when MIR field surveys will 
have provided sufficient data for a statistical comparison 
with clusters such as A1689. 


5. Summary and conclusions 

We have presented the follow-up study of a mid-infrared 
ISOCAM survey of the z = 0.18 rich cluster of galaxies 
Abell 1689 (Paper I). We compiled optical imaging, pho¬ 
tometric and spectroscopic data for about 100 galaxies 
lying within the inner Mpe^ of the cluster. This database 
was used to assess their cluster membership likelihood 
and characterize their morphological type and spectral 
class. The spectroscopic sample includes 75% of the 
galaxies brighter than R — 17.75 with a photometric 
redshift consistent with a cluster membership and 75% 
of the ISOCAM mid-infrared members. The optical 
properties of the optically selected cluster members seem 


to already differ from those of the galaxy populations in 
typical rich clusters in the nearby universe. In particular, 
we confirm the high fraction of blue galaxies previously 
reported in this cluster. Focussing on the properties of 
the mid-infrared emitters, we found that: 

(1) The redshift histogram of ISOCAM galaxies towards 
A1689 shows a prominent excess of sources at the baricen- 
tric redshift of the cluster, z = 0.184 as determined from 
our spectroscopic sample. They are undoubtly related to 
the cluster environment. 

(2) The majority of the sources detected at 15 ^m are 
luminous, blue, emission-line, morphologically disturbed 
spiral galaxies, i.e. the star-forming galaxies usually 
associated with the ’Butcher-Oemler’ effect. Sources with 
the lowest LW3/LW2 (15 /rm to 6.75 /rm) flux ratio, in 
particular those undetected at 15 /rm, typically consist 
of luminous early-type galaxies with passive spectra, i.e. 
with no signs of current or recent star formation. 

(3) However, at least five 15 ^m sources (> 30% of the 
LW3-subsample) do not show any sign of star-formation 
activity in their optical spectrum. 

(4) More than 70% of the emission-line galaxies in 
our spectroscopic sample are detected at 15 /rm. The 
star-forming dwarf galaxies were too faint to be detected 
by ISOCAM. All four cluster members with weak to 
moderate emission lines and unusually strong early 
Balmer lines in absorption (’e(a)’ class), typical of dusty 
starbursts, are LW3 sources. They have the highest 15 /rm 
to 6.75 /rm flux ratio in our sample. None of the galaxies 
with a post-starburst optical spectrum (’k-|-a’ galaxies) 
have been detected at 15/xm. 

The relative high values of the LW3/LW2 and LW3/K’ 
color indexes indicate that the LW3 luminosity of the 
15/im emitters is not dominated by stellar emission. 
The AGN activity is at low level in the cluster. The 
ISOCAM LW3 emission is hence a reliable tracer of the 
dust-obscured star formation activity. We have then 
estimated the total infrared luminosity and inferred star 
formation rate from the 15 /rm (12.7 /rm rest-frame) 
luminosity and compared it with that derived in the 
optical from the flux of the [OH] line. We found that: 

(1) There is no instance of Luminous Infrared Galaxies 
(LIGs) in Abell 1689. The highest total infrared lumi¬ 
nosity, 6.2x10 ^° Lq, is measured in an e(a) galaxy with 
a derived star formation rate of about 11 Mq yr“^. Its 
high LW3/LW2 ratio is consistent with star formation 
occurring in a dust-enshrouded burst mode. SFRs up 
to 2 Mq yr“^ are estimated in the apparently passive 
k-type galaxies. As seen from the MIR window, these 
objects form stars in a mode typical of spirals. On the 
other hand, the upper limit of the total SFR for k-l-a 
galaxies, 1.4 Mq yr“^, is consistent with the absence of a 
strong SF activity in these objects. 

(2) The median SFR(IR) of the LW3-detected galaxies 
is 2 Mq yr“^ while the median SFR(opt) of the [OII]- 
detected galaxies is only 0.2 Mq yr“^. For galaxies in 
common to both samples, the ratio SFR(IR)/SFR(opt) is 
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very high and ranges between 10 and 100, being highest 
among e(a) galaxies. An underestimate of the [Oil] 
luminosity and hence of SFR(opt) due to slit effects alone 
cannot account for the differences between the optical 
and infrared indicators of the star formation rate. 

We conclude that a significant portion of the star for¬ 
mation activity taking place in Abell 1689 is hidden in 
the cluster members when observed through the optical 
window. At least 90% of the SF is missed when estimated 
from the [Oil] line, which is known anyway as an unreli¬ 
able, although often used, tracer of the SFR. 

Comparing the SFR and the amount of dust extinc¬ 
tion of A1689 members with those of coeval field galaxies 
would be useful to investigate in details the effects of the 
cluster environment on the star formation history of galax¬ 
ies. It would however require to understand the complex 
dynamics of this rich cluster and, in particular, to locate 
the MIR sources in its different sub-units. 
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Table 1. Spectroscopically-confirmed cluster members in the MOS sample 


ID 

(MOS) 

ID* 

(ISO) 

RA 

J2000 

DEC 

J2000 

z 

(MOS) 

B 

mag 

V 

mag 

R 

mag 

morph 

1 

_ 

13:11:24.00 

-1:19:07.6 

0.1829 

21.53 

19.98 

19.24 

_ 

2 

- 

13:11:24.25 

-1:21:14.8 

0.1766 

21.41 

20.82 

20.27 

Sed 

3 

- 

13:11:24.27 

-1:18:38.1 

0.1803 

21.87 

20.38 

19.65 

Sb 

4 

- 

13:11:24.40 

-1:21:11.5 

0.1870 

20.72 

19.11 

18.42 

SO 

5 

- 

13:11:24.41 

-1:22:15.8 

0.1785 

20.48 

18.81 

18.08 

- 

6 

- 

13:11:25.07 

-1:19:31.7 

0.1797 

21.44 

19.79 

19.07 

so 

7 

3 

13:11:25.31 

-1:20:37.6 

0.1924 

19.75 

18.13 

17.38 

so 

8 


13:11:25.64 

-1:17:24.8 

0.1814 

20.91 

19.31 

18.59 

E 

9 

- 

13:11:25.94 

-1:19:36.0 

0.1983 

21.81 

20.48 

19.77 

Sab 

10 

- 

13:11:26.51 

-1:22:01.4 

0.1953 

21.21 

19.66 

18.98 

Sc 

11 


13:11:27.03 

-1:16:10.5 

0.1945 

20.08 

18.86 

18.13 

Sbe 

12 

- 

13:11:27.05 

-1:18:49.2 

0.1852 

22.36 

20.88 

20.09 

Sa 

13 

- 

13:11:27.06 

-1:21:43.4 

0.1955 

22.52 

21.28 

20.68 

SO 

14 

4 

13:11:27.07 

-1:20:58.9 

0.2153 

20.81 

19.68 

19.10 

Sed 

15 

- 

13:11:27.37 

-1:22:48.2 

0.1832 

21.13 

19.43 

18.73 

- 

16 

6 

13:11:27.69 

-1:21:06.7 

0.2165 

20.59 

19.50 

19.06 

Sd 

17 

- 

13:11:27.80 

-1:21:13.4 

0.1977 

21.55 

19.95 

19.19 

- 

18 

- 

13:11:27.86 

-1:21:37.2 

0.1752 

21.13 

19.66 

18.94 

SO 

19 

- 

13:11:27.98 

-1:18:44.5 

0.1890 

21.26 

19.67 

18.89 

so 

20 

- 

13:11:28.15 

-1:18:12.7 

0.1902 

22.16 

20.44 

19.85 

so 

21 

8 

13:11:28.16 

-1:20:44.0 

0.1712 

20.34 

18.75 

18.04 

so 

22 

- 

13:11:28.29 

-1:18:45.5 

0.1999 

21.04 

19.60 

18.92 

- 

23 

10 

13:11:28.30 

-1:19:58.9 

0.1780 

20.29 

18.95 

18.34 

Sab 

24 

- 

13:11:28.42 

-1:22:42.1 

0.1842 

20.48 

18.82 

17.96 

- 

25 

- 

13:11:28.56 

-1:20:27.1 

0.1909 

21.34 

19.77 

19.08 

SO 

26 

- 

13:11:28.69 

-1:19:03.3 

0.1859 

21.91 

20.21 

19.44 

- 

27 

- 

13:11:29.26 

-1:19:17.3 

0.1932 

21.30 

19.57 

18.89 

so 

28 

12 

13:11:29.27 

-1:17:50.4 

0.1726 

20.34 

19.24 

18.79 

Sab 

29 

14 

13:11:29.44 

-1:20:28.4 

0.1842 

18.42 

16.87 

16.02 

Sed 

30 


13:11:29.71 

-1:17:22.1 

0.1996 

20.87 

19.20 

18.43 

SO 

31 

- 

13:11:29.74 

-1:17:43.2 

0.1830 

22.45 

21.11 

20.44 

Sbe 

32 

- 

13:11:29.83 

-1:20:15.8 

0.2016 

21.82 

20.11 

19.27 

Sb 

33 

16 

13:11:29.94 

-1:20:40.8 

0.2002 

19.83 

18.72 

18.08 

Sp 

34 

- 

13:11:29.95 

-1:22:07.9 

0.1985 

20.48 

18.96 

18.21 

so 

35 

- 

13:11:29.96 

-1:20:17.9 

0.1801 

21.62 

19.96 

19.28 

so/a 

36 


13:11:29.98 

-1:16:25.6 

0.1785 

21.17 

19.56 

18.84 

- 

37 

18 

13:11:30.01 

-1:20:43.3 

0.2038 

19.53 

18.10 

17.34 

- 

38 

- 

13:11:30.11 

-1:22:30.8 

0.1910 

20.81 

19.34 

18.67 

SO 

39 

20 

13:11:30.23 

-1:20:29.8 

0.1745 

19.53 

17.87 

17.17 

E 

40 

22 

13:11:30.53 

-1:20:44.3 

0.1918 

20.40 

18.78 

17.91 

E 

41 

- 

13:11:31.03 

-1:21:28.3 

0.1878 

20.28 

18.50 

17.87 

E 

42 

24 

13:11:31.09 

-1:21:25.7 

0.1972 

20.93 

19.42 

18.32 

E 

43 

26 

13:11:31.36 

-1:19:33.4 

0.1878 

19.54 

17.81 

17.03 

E 

44 

- 

13:11:31.47 

-1:19:25.5 

0.1745 

21.27 

19.74 

19.05 

Sbe 

45 


13:11:31.54 

-1:17:28.4 

0.1913 

20.93 

19.26 

18.55 

SO 

46 

30 

13:11:32.07 

-1:19:47.5 

0.1801 

20.37 

18.43 

17.72 

Sa 

47 

- 

13:11:32.17 

-1:22:11.3 

0.1855 

20.57 

18.90 

17.93 

- 

48 

- 

13:11:32.43 

-1:22:18.6 

0.1794 

21.35 

20.46 

19.98 

? 

49 

31 

13:11:32.60 

-1:18:42.1 

0.1757 

19.44 

18.17 

17.65 

Sed 

50 

- 

13:11:32.61 

-1:18:37.9 

0.1823 

- 

23.96 

20.84 

SO 

51 

32 

13:11:32.62 

-1:19:59.3 

0.2022 

19.13 

17.39 

16.63 

- 

52 

33 

13:11:32.67 

-1:19:32.4 

0.2009 

19.55 

17.66 

16.83 

so 

53 


13:11:33.08 

-1:17:02.4 

0.1891 

19.94 

18.29 

17.58 

- 

54 

35 

13:11:34.02 

-1:21:02.5 

0.1813 

19.73 

18.49 

17.94 

Sa 

55 

3T 

13:11:34.47 

-1:18:11.7 

0.1989 

19.66 

18.34 

17.73 

Sc 

56 


13:11:34.65 

-1:17:43.7 

0.1926 

20.22 

18.54 

17.77 

E 

57 

- 

13:11:34.72 

-1:20:59.8 

0.1895 

20.90 

19.19 

18.49 

E 

58 


13:11:35.10 

-1:23:18.3 

0.1925 

21.42 

19.90 

19.37 

- 

59 

40 

13:11:35.31 

-1:21:33.8 

0.1870 

20.39 

18.69 

17.95 

- 

60 


13:11:35.47 

-1:17:42.9 

0.1758 

20.99 

19.29 

18.58 

Sa 

61 

41 

13:11:35.55 

-1:20:13.0 

0.2000 

19.86 

18.76 

18.26 

Sc 

62 

- 

13:11:36.52 

-1:18:47.3 

0.1769 

22.18 

20.56 

19.85 

E 

63 


13:11:36.58 

-1:22:54.6 

0.1758 

20.15 

19.08 

18.45 

- 

64 

- 

13:11:37.01 

-1:22:32.4 

0.1878 

21.73 

20.31 

19.59 

- 

65 


13:11:37.12 

-1:17:07.7 

0.1851 

20.88 

19.21 

18.42 

SO 

66 

- 

13:11:37.80 

-1:19:21.2 

0.1839 

19.92 

18.32 

17.61 

E 

67 


13:11:37.88 

-1:22:38.0 

0.1887 

21.19 

19.69 

18.94 

- 

68 


13:11:37.91 

-1:18:09.0 

0.1804 

19.91 

18.17 

17.45 

E 

69 

43 

13:11:38.23 

-1:21:05.7 

0.1964 

20.17 

18.82 

18.21 

Sed 

70 


13:11:39.31 

-1:16:49.8 

0.1845 

20.13 

18.48 

17.86 

E 

71 


13:11:39.56 

-1:17:50.1 

0.1977 

20.86 

19.28 

18.51 

SO 

72 

45 

13:11:40.09 

-1:19:52.3 

0.1880 

19.87 

19.13 

18.70 

Sp(late) 

73 


13:11:40.27 

-1:18:01.1 

0.1807 

20.46 

18.90 

18.16 

- 

74 


13:11:43.38 

-1:19:20.4 

0.1837 

19.83 

18.01 

17.29 

- 


* Galaxies detected at 15 /J.m are highlighted. Those outside the ISOCAM field of view are indi- 
cated with Undetected ones in both LW2 and LW3 filters are indicated with . 
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Table 2. Spectroscopically-confirmed cluster members from Teague et al. (1990) 


RA 

J2000 

DEC 

J2000 

ID 

(ISO) 

z 

B 

mag 

V 

mag 

R 

mag 

morph 

13:11:18.37 

-1:18:40.3 

- 

0.2095 

18.92 

17.69 

17.05 

SO 

13:11:20.74 

-1:20:02.9 

- 

0.1835 

20.47 

18.83 

18.07 

Sa 

13:11:21.53 

-1:19:44.2 

- 

0.2171 

20.76 

19.13 

18.41 

- 

13:11:26.85 

-1:19:37.5 

- 

0.1754 

20.34 

19.02 

18.38 

E 

13:11:27.08 

-1:22:09.5 

- 

0.1840 

21.17 

19.41 

18.63 

SBO 

13:11:27.89 

-1:23:09.1 

- 

0.1842 

20.48 

18.77 

18.02 

- 

13:11:28.96 

-1:21:17.3 

- 

0.1947 

20.53 

18.86 

18.16 

E 

13:11:29.04 

-1:21:37.7 

- 

0.1858 

21.21 

19.57 

18.81 

SO 

13:11:29.08 

-1:21:55.8 

- 

0.1908 

21.02 

19.35 

18.57 

SO 

13:11:29.35 

-1:18:35.4 

- 

0.1751 

20.81 

19.16 

18.44 

- 

13:11:30.00 

-1:20:43.0 

- 

0.1987 

- 

- 

- 

- 

13:11:30.20 

-1:20:28.0 

- 

0.1750 

- 


- 

- 

13:11:30.50 

-1:20:46.0 

- 

0.1987 

- 

- 

- 

- 

13:11:30.90 

-1:20:31.0 

- 

0.1739 

- 

- 

- 

- 

13:11:31.00 

-1:21:28.0 

- 

0.1865 

- 

- 

- 

- 

13:11:31.04 

-1:20:53.1 

- 

0.1885 

21.32 

19.55 

18.80 

E 

13:11:31.30 

-1:19:33.0 

- 

0.1864 

- 

- 

- 

- 

13:11:32.06 

-1:21:38.7 

29 

0.1770 

20.57 

18.98 

18.33 

SO 

13:11:32.57 

-1:23:52.1 

- 

0.1865 

20.30 

18.62 

17.87 

- 

13:11:33.74 

-1:18:44.7 

- 

0.1849 

20.79 

19.08 

18.37 

E 

13:11:35.34 

-1:20:43.4 

- 

0.1835 

21.21 

19.54 

18.80 

E 

13:11:35.98 

-1:23:41.4 

- 

0.1861 

20.29 

18.54 

17.76 

- 

13:11:39.43 

-1:19:07.2 

- 

0.1813 

20.39 

19.02 

18.40 

Sa 


Table 3. ISOCAM cluster members with photometric redshift 


ID 

(ISO) 

RA 

J2000 

DEC 

J2000 

z 

(phot) 

B 

mag 

V 

mag 

R 

mag 

morph 

7 

13:11:27.78 

-1:20:08.3 

0.193 

20.31 

18.50 

17.78 

E 

11 

13:11:28.40 

-1:20:25.7 

0.202 

21.13 

19.19 

18.53 

E 

13 

13:11:29.36 

-1:20:43.9 

0.180 

20.98 

19.43 

18.60 

Sb 

17 

13:11:29.99 

-1:20:29.1 

0.191 

20.42 

18.67 

17.77 

E 

19 

13:11:30.18 

-1:20:52.3 

0.191 

20.44 

18.59 

17.69 

E 

21 

13:11:30.34 

-1:20:46.0 

0.191 

20.92 

19.28 

18.19 

E 

39 

13:11:35.21 

-1:18:54.9 

0.190 

22.61 

21.08 

20.42 

Sbe 
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Table 4. Foreground and background galaxies in the MOS sample 


RA 

J2000 

DEG 

J2000 

ID 

(ISO) 

z 

(MOS) 

B 

mag 

V 

mag 

R 

mag 

Morph 

13:11:23.95 

-1:21:46.3 

- 

0.1330 

- 

21.55 

21.00 

7 

13:11:24.58 

-1:20:04.1 

- 

0.4816 

- 

22.65 

21.51 

Sd 

13:11:27.19 

-1:20:10.5 

5 

0.0862“ 

19.41 

18.24 

17.60 

Sab 

13:11:27.81 

-1:18:53.3 

- 

0.3840 

- 

- 

22.70 

Sc 

13:11:28.25 

-1:18:28.1 

- 

0.7220 

22.94 

21.67 

20.91 

Sd 

13:11:28.31 

-1:18:32.7 

- 

0.0130 

21.90 

21.34 

20.88 

E 

13:11:28.73 

-1:21:43.9 

- 

0.7900 

21.05 

20.97 

20.34 

Irr 

13:11:29.67 

-1:17:47.4 

15 

0.3972 

20.99 

19.72 

18.97 

Sed 

13:11:30.73 

-1:21:39.2 

23 

0.6919 

21.89 

21.46 

20.60 

Irr 

13:11:33.00 

-1:21:25.1 

- 

0.1430 

23.16 

22.06 

21.43 

so/a 

13:11:33.69 

-1:19:39.5 

- 

0.3100 

22.85 

21.16 

20.26 

- 

13:11:34.07 

-1:22:35.8 

- 

0.4340 

- 

23.01 

21.86 

- 

13:11:35.18 

-1:20:30.9 

- 

0.5867 

- 

22.59 

21.33 

Sd 

13:11:35.95 

-1:22:29.0 

- 

0.2420 

21.71 

20.59 

20.12 

- 

13:11:36.40 

-1:22:06.1 

- 

0.9443 

- 

22.23 

21.59 

- 

13:11:37.37 

-1:18:37.0 

- 

0.0825*' 

19.30 

18.56 

18.10 

Sc 

13:11:38.76 

-1:19:08.2 

- 

0.3695 

22.05 

20.61 

19.97 

Sd 

13:11:41.83 

-1:19:48.1 

- 

0.1030 

21.19 

19.94 

19.35 

- 


Notes:“ [TCG90] 217; the redshift of 0.2153 as given in Teague et al. ( 1990|) 


presumably wrong. [TCG90] 006; the redshift of 0.1826, as given in Teague 


et al. (199C| ), is presumably wrong. 
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Table 5. Spectrophotometric data of cluster members from the MOS sample 


ID 

(MOS) 

ID 

(ISO) 

ID 

(mask) 

fiux([OII];^3727) 
erg cm~^ s~^ 

-EQW([OII]x3727) 

A 

EQWiH^) 

A 

Class 

Comments 

1 

_ 

MOS5:17 

_ 

_ 

_ 

k: 

poor 

2 

- 

MOS2:9 

4.67±0.19 

32.8±1.7 

4.8:±1.0 

e(c) 

H^=-8.2,OIII=-14.0 

3 

- 

MOS3:20 

- 

- 

- 

? 

poor 

4 

- 

MOSl:12 

- 

- 

3.8:±2.1 

k+a: 

poor 

5 

- 

MOSl :6 

- 

- 

- 

k: 

OIII=-1.5? 

6 

- 

MOS3:17 

- 

- 

- 

k: 

poor 

7 

3 

MOS5:ll 

0.60±0.32 

3.9±1.6 

- 

k(e) 


8 


MOSl:31 

- 

- 

- 

k: 

poor 

9 

- 

MOS4:17 

- 

- 

3.8±1.4 

k+a 


10 

- 

MOSl:7 

- 

- 

- 

k: 


11 


MOSl:36 

2.73±0.28 

8 . 6 ± 1.0 

2.3±0.7 

e(c:) 

H^=-2.9,OIII=-9.4,OIII2=-2.7 

12 

- 

MOS3:19 

- 

- 

- 

? 

poor 

13 

- 

MOS2:6 

- 

- 

- 

? 

poor 

14 

4 

MOS4:10 

1.85±0.27 

18.8±3.3 

- 

e(c) 

H^=-3.6 

15 

- 

MOS5:3 

- 

- 

- 

k: 


16 

6 

MOS5:9 

2.36±0.11 

60.0±3.0 

- 

e(b) 

H^=-12.8,OIII=-44.4 

17 

- 

MOS5:8 

- 

- 

- 

k 


18 

- 

MOS5:7 

- 

- 

- 

k: 

Olll/sky? 

19 

- 

MOS5:18 

- 

- 

- 

k 


20 

- 

MOS2:22 

- 

- 

- 

k: 

poor 

21 

8 

MOS5:10 

- 

- 

- 

k 


22 

- 

MOS4:21 

- 

- 

- 

k: 

poor 

23 

10 

MOS2:15 

3.05±0.23 

10.4±1.0 

2 . 1 :± 0.8 

e(a) + 

< + Hr; + > /3 = 5.1, prob.higher,H^=-0 .8 

24 

- 

MOSl:4 

- 

< 3.3 

- 

k:(e:) 

H^=2.0 

25 

- 

MOS3:13 

- 

- 

- 

k: 


26 

- 

MOS4:19 

- 

- 

- 

? 


27 

- 

MOS4:18 

- 

- 

3.0:±1.3 

k+a: 


28 

12 

MOSl:29 

- 

- 

5.5±0.7 

k+a 


29 

14 

MOS2:13 

- 

- 

- 

k 


30 


MOS2:25 

- 

- 

2.1±0.9 

k 


31 

- 

MOS5:21 

- 

- 

- 

k: 

poor 

32 

- 

MOS4:14 

- 

- 

6.7:±2.4 

k+a: 

poor 

33 

16 

MOS4:ll 

- 

- 

- 

k: 

poor 

34 

- 

MOS5:5 

- 

- 

- 

k 


35 

- 

MOS5:12 

0.23:±0.09 

7.4:±2.3 

- 

k(e:) 


36 


MOSl:35 

0.53:±0.18 

2 . 1 :± 1.1 

4.2:±1.7 

k+a: (e) 

Nil in em? 

37 

18 

MOS4:12 

- 

< 5.4 

1.8±0.7 

k(e::) 


38 

- 

MOS4:3 

- 

- 

2 . 8 ± 1.1 

k+a: 


39 

20 

MOSl:15 

- 

- 

2 . 0 :± 0.6 

k 


40 

22 

MOS3:12 

- 

- 

- 

k: 

poor 

41 

- 

MOS2:7 

- 

- 

- 

k 


42 

24 

MOSlrll 

- 

- 

- 

k 


43 

26 

MOS1:20 

- 

- 

- 

k 


44 

- 

MOS5:16 

- 

- 

- 

k: 


45 


MOS3:22 

- 

- 

- 

k: 

poor 

46 

30 

MOS4:16 

- 

- 

- 

k: 


47 

- 

MOS2:4 

- 

- 

- 

k 


48 

- 

MOS3:5 

1.50±0.17 

46.2±7.0 

- 

e(b) 

H^=-6.7,OIII=-11.4,Hq=-43.1 

49 

31 

MOSl:24 

2.48±0.26 

7.1±0.9 

5.5±0.8 

e(a) 

< He + Hr; + HC > /3 - 5.2 

50 

- 

MOSl:25 

- 

- 

- 

7 

very poor 

51 

32 

MOSl:18 

- 

- 

1 . 1 ± 0.8 

k 


52 

33 

MOS2:16 

- 

- 

2.0±0.5 

k 


53 


MOSl:32 

- 

- 

- 

k 


54 

35 

MOSl:13 

1.90±0.17 

8.1±0.8 

3.5±0.7 

e(a) + 

< He + Hr; + HC > /3 = 5.5, Ha+NII=-3.1 

55 

37 

MOSl:27 

1.00±0.30 

3.9±1.0 

2.8±1.4 

e(a) + 

< He + Hr; + HC > /3 = 5.7, Ha+NII=-13 

56 


MOS1:30 

- 

- 

2.3:±1.6 

k(e:) 

Hq=-2.3? 

57 

- 

MOS3:ll 

- 

- 

- 

k: 

poor 

58 


MOSl:2 

0.18:±0.07 

2.5:±0.9 

3.4±1.2 

k+a(e:) 


59 

40 

MOS3:9 

- 

- 

- 

7 

very poor 

60 


MOS4:24 

- 

- 

- 

k+a: 

earl Bals v. str (to be meas) 

61 

41 

MOS2:14 

- 

- 

3.5±0.8 

seyl: 

OIII=-5.1,broad Hb em=-3.7,broad Ha+NII*2=-28.4 

62 

- 

MOS2:19 

- 

- 

- 

7 

poor 

63 


MOS3:3 



- 

e(c) 

sky on Oil,no H 5 ,OIII=-16.8,H^=-6.5,Hq,=-9.1 

64 

- 

MOSl:5 

- 

- 

- 

k: 

poor 

65 


MOS4:25 

- 

- 

- 

k 

no 

66 

- 

MOS2:17 

- 

- 

2.5±1.0 

k 


67 


MOS3:4 

- 

- 

- 

k(e) 

NII2=-4.8 

68 


MOS3:21 

- 

- 

4.1:±2.2 

k+a: 


69 

43 

MOS2:10 



2.9±1.0 

e(c) 

H^ = 1.4,Ha>-4.2,NII*2 

70 


MOS2:26 



- 

k 


71 


MOS5:20 



- 

k 

H^ = 1.9 

72 

45 

MOS3:16 



- 

e(b) 

OIII=-11.7,H^=-15.4,Ha>-42.7,NII2 

73 


MOS4:23 



- 

k: 


74 


MOSl:21 



- 

7 

poor 


Notes: means that the [Oil] or H 5 line is outside the MOS wavelength range. The equivalent width of a number of some other lines are indicated in the 

comments. 
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Table 6. Star formation rates of star-forming galaxies in A1689 


ID“ 

(MOS) 

ID'’ 

(ISO) 

Fi5/Fk, " 

T ^ 

J^IR 

10“ Lq 

SFR(IR)'’ 
Mg yr"^ 

SFR([OII])^ 

Mg yr"^ 

2 

- 


<0.81 

<1.4 

0.46±0.02 

7 

3 

0.5±0.2 

1.32 

2.2±0.9 

0.06±0.03 

14 

4 

1.4±1.0 

0.93 

1.6±1.2 

0.18±0.03 

16 

6 


0.81: 

1.4: 

0.23±0.01 

23 

10 

1.6±0.5 

1.79 

3.0±1.0 

0.30±0.02 

29 

14 

O.liO.l 

1.35 

2.3±0.9 

<0.05 


17 

0.3±0.1 

1.26 

2.1±1.0 



21 

0.5±0.4 

0.96 

1.6±1.2 


43 

26 

0.2: 

0.81: 

1.4: 

<0.05 

46 

30 

0.2: 

0.81: 

1.4: 

<0.05 

48 

- 


<0.81 

<1.4 

0.15±0.02 

49 

31 

0.9±0.3 

1.79 

3.0±1.0 

0.24±0.03 

51 

32 

0.1: 

0.81: 

1.4: 

<0.05 

54 

35 

0.8: 

1.17: 

2.0: 

0.19±0.02 

55 

37 

2.9±0.4 

6.19 

10.5±1.7 

0.10±0.03 


39 

0.9±0.5 

1.08 

1.8±1.1 


61 

41 

2.7±0.6 

2.38 

4.0±0.9 

<0.05 

69 

43 

< 0.7 

<0.81 

<1.4 


72 

45 

6.2T1.1 

3.78 

6.4±1.2 



Notes: this table includes ’active’ cluster members in the ISOCAM 


field of view that either have emission lines in their optical spectra 
or that are detected at 15 ^m. “ indicates that no MOS spectra 
is available. ^ ’-’ indicates that the galaxy has not been detected by 
ISO CAM. 15 am to 2.2 am flux ratio. K’ magnitudes were taken 
from de Propris et al. (1999). Total IR luminosity estimated from the 
15 fj.m luminosity. We used the following formulae: log(:/I/;^[12/im] = 
0.494 + 0.955 * log(47rZ)^iyT’i,[15/im]) (conversion to the equivalent rest- 
frame ’IRAS’ l uminosity at 12/jm) Ljr = 0.89 {vLv[V2^xn\Y''^^*hQ 

(calibration of [Chary fc Elbaz, 2001 ). The luminosities indicated with 
’:’ have large errors and may be upper limits (see Paper I). ® Infrared 
star formation rate derived from Lir. For galaxies with Fi^/F ri below 
0.1, the photospheric emission becomes greater than 50%, and the esti¬ 
mated SFR is overestimated by a factor of 2. Above 0.5, the correction 
is negligible. The AGN activity in MOS ID^61 might contribute to the 
MIR luminosity, and hence its derived SFR might be overestimated. ^ 
Star formation rate estimated from the [Oil] luminosity, not corrected 
for any optical extinction or slit aperture correction. 









22 


P.A. Due et al.: Hidden star formation in Abell 1689 



Fig. A.l. R-band magnitude histogram of photometri¬ 
cally and spectroscopically (shaded) confirmed cluster 
members within the area covered by the photometric red- 
shift survey of Dye et al. (2001). 


Appendix A: Completeness of the MOS sample 


We used the sample of photometric members by Dye et al. 


(200l| ) to assess the completeness of our MOS survey. Dye 


et al’s survey is complete up to i? = 23.7; unfortunately it 
does not cover totally our MOS field of view (see Fig. 

We restricted therefore our analysis to the 5' x 6' field of 
view where photometric redshifts are available. 

First of all, we note that the photometric redshifts are 
reliable: the cluster membership of almost 90% of the pho¬ 
tometric members with MOS data is confirmed with our 
direct redshift measurements and the average photometric 
and spectrophotometric redshifts differ by less than 10% 
(see Fig. |). 


As shown in Figure A.l, we have obtained spectra for 


75% of the cluster members brighter than R = 17.75. 
For R < 19.5, we sampled only about 40% of the pho¬ 
tometrically confirmed cluster members while we missed 
most of the faintest dwarf galaxies with i? > 20. The his¬ 
togram of the B-R color-index of photometric a nd sp ec- 
troscopic cluster members is presented in Figure A.2 . As 
shown in the top panel, the comparison of these two dis¬ 
tributions reveals that there is a weak color bias in our 
spectroscopic sample, which includes relatively more blue 
than red galaxies. Galaxies bluer than B-R < 1.75 (which 
account for 15% of the spectroscopic sample) are over¬ 
represented by 60%. Note however that the photomet¬ 
ric sample most likely misses the faintest bluest galaxies 
in the cluster because the photometric redshift technique 
does not work well for such deviant objects, and this acts 
so as to counterbalance the bias. 


Fig. A.2. B — R color index histogram of photometrically 
and spectroscopically (shaded) cluster members within the 
area covered by the photometric redshift survey of Dye 
et al. (2001). The top panel shows the number ratio of 
spectroscopically to photometrically confirmed members 
within each color bin. 
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Appendix B: Blue fraction in Abell 1689 


Our spectroscopic survey of Abell 1689 allows us to plot 
a color-magnitude diagram only including confirmed clus¬ 
ter members. One may then, in principle, estimate the 
blue fraction without the uncertainty introduced in pho¬ 
tometric methods by the background correction. For a fair 
comparison with the latest studies on the subject, we com- 
puted /b us ing the definition proposed by Margoniner 
et al. (2001 , hereafter MdCOl). We selected all galaxies 
inside a clustercentric radius of 0.7 Mpe with an ab¬ 
solute red magnitude between M* — 1 and M* + 2 (with 


M*=-20.91, Lin et al., 1996) and with photometric data 
available in the catalog of MdCOl. Using as a reference 
for the blue excess fraction (/b = A^s/Atot) the same g- 
r vs r color-magnitude relation as in MdCOl, we derived 
/b = 0.14 ± 0.04 (Atot = 83) when the photometric mem¬ 
bers are included and /b = 0.16 ±0.07 (Atot = 32) for the 
sample restricted to spectroscopically confirmed members. 
Correcting for the color bias discussed in Appendix A, we 
find that a lower limit to the blue fraction is /b = 0.14. 

We also defined a new color-magnitude relation (CMR) 
based on the B and V bands and restricted to morpholog¬ 
ically confirmed early-type galaxies. The B-V color in¬ 
dex was that originally used in B084. As in B084, the 
blue galaxies were defined as those with a B-V lower by 
0.2 mag with respect to the CMR. Using the same lu¬ 
minosity range and spatial domain as before, we found 
/b = 0.18 ± 0.04 (Atot = 127) and 0.25 ± 0.06 (Atot = 68) 
for the photometric and spectroscopic cluster sample re¬ 
spectively (/b = 0.19) if the latter is corrected for the 
color bias). 

Our results arguably favor a rather large blue fraction 
for this cluster - at least 0.15 - which is free from uncer¬ 
tainties in the background subtraction. 


With the cosmology adopted by Margoniner et al. (2001 ), 
0.7 Mpe corresponds to 3’, i.e. within our field of view. 







